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Summary. Recently, functional state of the liver as a
central organ of the body detoxification has been studied as
a model of multiple organ dysfunction development in cases
of severe experimental trauma. Organ-specific biliation and
biligenic functions of the liver are sensitive indicators of its
failure and are associated with the declination of the main
markers of traumatic disease.

The aim of the study — to find out the dynamics of indi-
cators of biligenic function of the liver in response to cranial
Skeletal trauma associated with haemorrhage.

Materials and Methods. Experiments were performed
on 54 outbred white male rats, weighing 180-200 g. Ani-
mals were divided into three groups: a control one and two
experimental. Closed cranio-skeletal injury according to
the established technique in our own modification was mo-
delled under thiopental-sodium anaesthesia. A single hit on
each hip that caused a closed fracture of femoral bones,
was performed by means of an individually designed de-
vice. The striking force was 0.375 J, which corresponded to
a moderate injury.

Results. It has been first established that the complica-
tion of cranio-skeletal trauma with additional blood loss exa-
cerbates and accelerates liver dysfunction. The content in
bile of total bile acids, cholesterol, the degree of conjugation
of bilirubin, the rate of biliary excretion and excretion of the
main components of bile, as well as absorption-excretory
and glycogen synthesizing functions are impaired already
on the first day of the post-traumatic period and in all times
of the follow-up period they significantly differ from the simi-
lar indices of the injured animals with no blood loss.

Conclusions. In the presence of experimental cra-
nio-skeletal trauma, the rates of liver biligenic function
change up to a maximum declination in 7 days of post-trau-
matic period. Additional haemorrhage intensifies the re-
vealed abnormalities: the content of total bile acids and cho-
lesterol in bile, as well as the amount of direct bilirubin and
the degree of its conjugation in post-traumatic period are
significantly lower during the whole period of observation.

Key words: cranio-skeletal trauma; haemorrhage; biliation;
liver.
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XapakTepuCcTUKN XXOBYOYTBOPIOBasIbHOT hYHKLT
ne4viHKu y BiANOBiAb Ha KpaHioCKeNneTHY TpaBMy,
yCKNafiHEHY KpoBOTeYelo

T. A. 3aeupb, T. B. Boiiko, C. B. A3uvra, I. I. Fa6op

TepHoninbCcbKkul HayioHasibHUlU MeduyHUU yHisepcumem
imeHi I. 5. Nopbayescbkoeo MO3 YkpaiHu

Pestome. OcmaHHIiM Yacom (hyHKUIOHa/IbHUU cmaH MediH-
KU, YeHmpasibHo20 op2aHa OemoKcukauii opaaHiamy, sus4a-
E€MbCS SIK MOOE/b PO3BUMKY rosliop2aHHOI HedocmamHocmi y
BUNAOKY MSHKKOI eKxcriepuMeHma/ibHOI mpasmu. OpeaaHocrie-
YugbidHa »0B40ymBoprosa/ibHa QOYHKYIS MEYiHKU € Yym/iusum
MOKa3HUKOM [10/1i0p2aHHoI HedocmamHocmi, Wo Mos'si3aHo 3i
3HUXEHHSIM OCHOBHUX MapKepis mpasmMamuyHoi Xaopoou.

MeTta aocnigkeHHA — 3’cysamu OUHaMIKy NMOKasHUKIB
JKOBYOYMBOPIOBa/ILHOI (hyHKUIT NeYiHKU y BIONoBIiOb Ha Ye-
PEerHoCKesnemHy mpasmy, yCkaaoHeHy Kposomeyero.

Marepianu i meToan. EkcriepumeHmu rposoou/iu Ha
54 6e3rnopodHuUX binux wypax macoro 180-200 2. TBapuH
nooifIuu Ha mpu 2pynu: KOHMPOJ/ibHy ma 08I eKcriepu-
MeHMasIbHI. 3akpumy KpaHioCKe/iemHy mpasmy 3a scma-
HOB/IEHOO MEMOOUKOK y B/1acHIli Mooupikayii 6ys10 3mo-
desibosaHo Mid mioneHmasi-Hampiesow aHecmesieto. 3a
00rMomMoeor iHOUBIOYya/lbHO CKOHCMPYUoBaHO20 NPUCMpPo0
30ilicHU/IU TOOOUHOKI y0apu Ha KOXXHe Cme2Ho, Wo cripuyu-
Husu 3akpumud nepesioM cmeaHosux Kicmok. Cusaa ydapy
cmaHosuna 0,375 [k, wo s8ionosioaso nomipHiti mpasmi.

Pesynbtatu. Briepwe BCMAaHOB/IEHO, WO YCK/IAOHEHHS
KpaHiockesiemHoI mpasmu 3 000amKOBOK BMPAaMor0 Kposi
Mocu/loe ma npuwBUOWYye OUCOYHKUIHO MediHKU. Bmicm 3a-
2a/IbHUX XKOBYHUX KUC/IOM Yy KOBYI, XO/1eCmeposy, cmyriHb
KOH'to2ayjii 6ir1ipy 6iHy, WBUOKICMb eKCKpeyii os4i ma susedeH-
HS1 OCHOBHUX KOMIIOHEHMIB I, @ makox ¢hyHKUi abcopbyii — su-
OisleHHs1 ma cuHmesy 2/1iko2eHy, rMopyweHi sxe y repuly o6y
rnocmmpasmMamu4yHo20 nepiody, npu YboMy OaHi MOKasHUKU B8
YCi repioou CriocmepeXxXeHHs1 3Ha4HO BIOPI3HAOMBLCS Bi0 aHa-
JI02IYHUX y Mocmpaxoa/iux meapuH 6e3 kpososmpamu.

BucHoBKW. 3a HasiBHOCMI eKcrepuMeHmasibHoOI Kpa-
HIOCKe/IemHOI mpasMu MOKa3HUKU XK0BYOYMBOPHBA/IbHOI
QOYHKUIT NeYiHKU 3MIHIIOMBCS 3 MakCUMaslbHUM 3HUXEH-
HAM Yepe3 7 0i6 nocmmpasMmamuy4Ho20 nepiody. fJodam-
KoBa Kpososmpama niosuuye BUsIB/EHI MOPYWEHHS: BMiCM
3a2a/lbHUX XXOBYHUX KUC/I0OM ma X0/1ecmeposiy 8 XO0sui, a
makox Ki/ibkicmb npsiMo20 6iipy6iHy ma cmyriHb (1020
KOH’ro2ayii y nocmmpasmamuy4HoMy repiodi 3HaYHO HUXYI
POMsI20M yCb020 MEPMIHY CITOCMEPEXEHHSI.

KntouoBi cnoBa: kpaHiockesnieTHa TpaBMa; KPOBOBTPATa;
YKOBYOYTBOPEHHSI; NeviHKa.
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INTRODUCTION

Polytrauma is one of the most common causes
in the structure of traumatism. According to the lite-
rature, its frequency ranges from 23.5 to 85.0 % and
is followed by the development of traumatic disease
that causes development of multiple organ failure
and dysfunction [1, 2]. Cranio-skeletal polytrauma
is the main cause of mortality. According to some
researchers, fundamental study of pathogenetic
mechanisms of multiple organ failure and dysfunc-
tion development in the presence of such trauma is
the main direction of theory and practice of contem-
porary medicine [3, 4]. Among working age men and
women it is first in the structure of lethality that is in
2-3 times higher in Ukraine than that of the economi-
cally developed countries [2]. In most complicated
cases, skeletal trauma is combined with cranio-cere-
bral one and is characterized by a significant severity
and high mortality due to the development of mutual
burdening syndrome. [3].

At present, the main pathogenetic mechanisms of
skeletal and cranio-cerebral traumas are thoroughly
studied; in cases of these traumas, in addition to
primary damage of skeleton bones and brain tissue,
some secondary injuries are present that contribute to
the development of traumatic disease; its characteristic
feature is development of multiple organ failure and
then insufficiency, which is the immediate cause of
patient’s death [4, 5].

Itis proved that prevention of multiple organ failure
is a key factor in surgical treatment and intensive care
of traumatic disease in the period of its early and late
manifestations [6].

The detection of main manifestations of liver
dysfunction as an indicator of multiple organ failure in
the presence of cranio-skeletal trauma with bleeding
allows expanding the established ideas about the
mechanisms of this pathology, and the research on
therapeutic efficacy of cell therapy contributes to
determining its expediency in a complex intensive
therapy of polytrauma.

Recently, functional state of the liver as a central
organ of the body detoxification has been studied as
a model of multiple organ dysfunction development in
cases of severe experimental trauma. Organ-specific
biliation and biligenic functions of liver are sensitive
indicators of its failure and are associated with the
declination of the main markers of traumatic disease
[5-8]. However, in the presence of cranio-skeletal
trauma, especially combined with external haemor-
rhage, functional state of the liver is not fully studied.

The aim of the study — to find out the dyna-
mics of indicators of biligenic function of the liver in
response to cranio-skeletal trauma associated with
haemorrhage.

ISSN 2706-6282(print)
ISSN 2706-6290(online)

BicHUK MeguuHuMX i GionoriyHux gocnigkeHb
Bulletin of Medical and Biological Research

OpurinanbHi JOCTiIKeHHA

Original research

MATERIALS AND METHODS

Experiments were performed on 54 outbred white
male rats, weighing 180-200 g, which were kept on
a standard vivarium diet. Animals were divided into
three groups: a control one and two experimental.
The control group comprised 6 intact animals. In both
experimental groups there were 24 animals. Closed
cranio-skeletal injury according to the established
technique [3] in our own modification was modelled
under thiopental-sodium anaesthesia (40 mg per kg*
of body weight). The striking energy was 0.375 J,
which corresponded to a moderate injury. Moreover,
a single hit on each hip that caused a closed fracture
of femoral bones, was performed by means of an indi-
vidually designed device.

The experiment on animals was carried out in
the Central Research Laboratory of I. Horbachevsky
Ternopil State Medical University. It was performed in
the morning (from 9 to 11 am) in a separate room at
a temperature 18-22 °C, relative humidity 40-60 %
and illumination 250 lux and involved injuring. All
stages of the experiment were carried out following
the general rules and regulations of the European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasbourg, 1986), the General Ethical Principles
of Experiments on Animals (Kyiv, 2001), the Law of
Ukraine “On the Protection of Animals from Cruelty”
(2006), as well as the conclusion of the Commission
on Bioethics of I. Horbachevsky Ternopil State
Medical University (Protocol No. 19 dated September
19, 2013).

The animals were divided into four groups:
a control one and four experimental. The control
group involved 6 intact animals. In the animals of all
experimental groups (study group 1 (modelled cranio-
skeletal trauma), study group 2 (cranio-skeletal
trauma complicated by haemorrhage)) a closed
cranio-skeletal trauma was modelled under the
thiopental-sodium anaesthesia (40 mg/kg?! of body
weight). Skeletal injury was modelled by applying a
single dosed impact by specially designed device
on each thigh, which caused a closed fracture.
Impact energy was 0.375 J, which corresponded to
the injury of moderate severity. In the experimental
group 2 additional external bleeding was caused by
intersection of a femoral vein. The degree of blood
loss was on average 20—22 % of the circulating blood
volume.

In 1st, 3rd and 7th days euthanasia was performed
forrats by administration of sodiumthiopental, 90 mg/kg
of the animal weight in accordance with the
requirements of the Animal Care Committee. Bile and
liver tissues were taken for investigation.

In the animals that survived, the biligenic function
of the liver was studied in 1st, 3rd and 7th days after
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the injury that corresponded to the acute stage and
the stage of early manifestations of traumatic illness.
Under the thiopental-sodium anaesthesia (60 mg/kg?)
in animals the common bile duct was catheterized
and bile was collected during 1 hour. According to the
recommendations [9], in the collected bile the concen-
tration of total bile acids, cholesterol was determined,
and cholate and cholesterol ratio was estimated. The
concentration of total, direct and indirect bilirubin in
bile was determined according to the van den Bergh
reaction in modification by M.P. Skakun. Using this
data, the degree of bilirubin conjugation was evaluated
by the ratio: direct bilirubinx100/total bilirubin (%).

The digital results were statistically analyzed. Sig-
nificant differences of the experimental and control
groups were assessed using the STATISTICA 10.0
(StatSoft, Inc., USA) program.

RESULTS
In response to trauma, the content of total bile acids
in bile decreased; in 3 and 7 days, the index was statisti-

cally significantly lower than in the control group (22.2 %,
p<0.05 and 28.9 % respectively, p<0.001) (Table). In-
jury in combination with haemorrhage (group 2) was fol-
lowed by a significantly decreased content of total bile
acids in bile: in 1 day — by 37.2 %, in 3 days — by 50.0 %,
in 7 days — by 52.2 % (p<0.001) that was significantly
lower than in the group of injured animals without hae-
morrhage in 1 day — by 29.4 %, in 3 days — by 35.7 %, in
7 days — by 32.8 % (p<0.001).

The content of cholesterol in bile increased after
the cranio-skeletal trauma. It that was statistically
significant in 1 and 3 days after the injury (26.1 % and
21.7 % respectively, p<0.05). In 7 days, the content
of cholesterol decreased and did not significantly
differ from the control group (p>0.05). In the group
of animals with additional blood loss, this indicator
decreased on the contrary, and in 3 days the tendency
to decrease (by 13.0 %, p<0.10) was evidenced, in
7 days the indicator was statistically significantly
different (by 17.4 %, p<0.05). During the follow-up
period in the injured animals with haemorrhage, the

Table. Dynamics of indicators of liver biligenic function in response to cranio-skeletal trauma complicated by haemorrhage (M+m)

Group of animals | Control [ 1t day [ 39 day [ 7" day
Total bile acids, g/I*
study group 1 180+ 1.60+ 1.40+ 1.28+
study group 2 T 1.13+ 0.90+ 0.86+
p <0.01 <0.001 <0.001
Cholesterol, g/I*
study group 1 023+ 0.29+ 0.28+ 0.25+
study group 2 T 0.22+ 0.20+ 0.19+
p <0.01 <0.01 <0.05
Cholate and cholesterol ratio, units
study group 1 777+ 5.58+ 5.08+ 5.35+
study group 2 T 5.21+ 4.80+ 455+
p > >0.05 >0,05
Total bilirubin, pmol/I**
study group 1 99 77+ 105.1+ 98.35+ 96.93+
study group 2 T 99.78+ 97.50+ 93.22+
p >0.05 >0.05 >0.05
Direct bilirubin, pmol/I*
study group 1 66.104 65.21+ 57.03+ 50.87+
study group 2 T 55.60+ 50.78+ 42.46+
p <0.01 <0.10 <0.10
Indirect bilirubin, pmol/I*
study group 1 33.67+ 39.86+ 41.62+ 46.07+
study group 2 B 44.18+ 46.72+ 50.76%
p > >0.05 >0.05
Bilirubin conjugation degree, %

study group 1 66.18+ 62.07+ 57.97+ 52.42+
study group 2 B 55.82+ 52.01+ 45.22+
p <0.05 <0.10 p<0.10

Notes: 1) ** — significant differences in the control group (* — p<0.05; ** — p<0.01; *** — p<0.001; * — p<0.10);
2) p — significant differences between the study groups 1 and 2.
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content of cholesterol in bile was significantly lower:
in 1 day — by 24.1 % (p<0.01); in 3 days — by 28.6 %
(p<0.01); in 7 days — by 24.0 % (p<0.05).

The revealed abnormalities were accompanied by a
significant decrease in the cholate and cholesterol ratio
in both experimental groups compared to the control
during the whole follow-up period (p<0.05-0.001).
Moreover, in the group of cranio-skeletal trauma with
bleeding, this indicator did not significantly differ from
the one in the animals with no bleeding (p>0.05).

In response to trauma, the content of total bilirubin
in bile did not significantly change compared to the
control in both experimental groups (p>0.05). Con-
secutively, the content of direct bilirubin decreased.
In the animals with trauma only, it became statistically
significantly lower than in the control in 3 and 7 days of
the post-traumatic period (13.7%, p<0.05 and 23.0%,
p<0.01, respectively). In the presence of additional
haemorrhage, this indicator became significantly lower
than the control in 1 day of the post-traumatic peri-
od (by 15.9%, p<0.01). In 3 days the decrease was
23.2 % (p<0.01), in 7 days it was 35.8 % (p<0.001).
At the same time, in 1 day in the animals with hae-
morrhage, the indicator was statistically significantly
lower by 14.7 %, (p<0.01), in 3 and 7 days there was
a tendency to its decrease, compared to the group of
injured animals with no haemorrhage (p<0.10).

Sequentially, during the whole follow-up period
the content of indirect bilirubin in bile was significantly
higher in both experimental groups than in the control
one (p<0.05-0.001).

In 1 day of the posttraumatic period in the animals
of study group 1 the degree of conjugation of bilirubin
in bile decreased but did not differ significantly from
the control group (p> 0.05). In 3 days, this index was
even lower and was by 12.4 % less than in the con-
trol (p<0.01). In 7 days its decrease rate was 20.8 %
(p<0.001). Additional haemorrhage contributed to
the worsening of the studied indicator abnormalities
compared to the control group: in 1 day — by 15.6 %
(p<0.01), in 3 days — by 21.4 % (p<0.01), in 7 days
— by 31.7 % (p<0.001). In 1 day in this group the de-
gree of bilirubin conjugation in bile was statistically
significantly lower than in the study group 1 (10.1 %,
p<0.05).

The results prove the biligenic dysfunction of
the liver under the influence of a simulated trauma.
The most significant abnormalities occur in 7 days of
post-traumatic period. The revealed regularity is anal-
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ogous to that established in the literature according
to the indicators of lipid peroxidation, antioxidant de-
fence, cytolysis and endogenous intoxication [10]. It
is possible that the damage of membranes of endo-
plasmic reticulum, where the synthesis of bile acids
and conjugation of direct bilirubin take place, is in the
pathogenesis of biliation disorder. According to the lit-
erature, the membranes are the most at risk of the
effects of free radicals [1, 2]. Consequently, in the
presence of additional haemorrhage, the biligenic
dysfunction of the liver is more significant. Obvious-
ly, worsening of traumatic shock, development of hy-
poxia, systemic response of the body to inflammation
caused it [11].

Thus, in the presence of simulated polytrau-
ma, the development of functional liver failure takes
place maximum in 7 days. With underlying additional
haemorrhage, biligenic dysfunction of liver is more
significant. The results point at a greater probability of
development of multiple organ dysfunction and insuf-
ficiency in cases of cranio-skeletal trauma complicat-
ed with haemorrhage.

It has been first established that the complication
of cranio-skelectal trauma with additional blood loss
exacerbates and accelerates liver dysfunction. The
content in bile of total bile acids, cholesterol, the
degree of conjugation of bilirubin, the rate of biliary
excretion and excretion of the main components of
bile, as well as absorption-excretory and glycogen
synthesizing functions are impaired already on the
first day of the post-traumatic period and in all times
of the follow-up period they significantly differ from the
similar indices of the injured animals without blood
loss.

CONCLUSIONS

In the presence of experimental cranio-skeletal
trauma there were some changes in the parameters
of liver biligenic function that was manifested by a sig-
nificant decrease in the content of total bile acids, di-
rect bilirubin and degree of its conjugation in bile with
underlying increase in concentration of cholesterol
and indirect bilirubin with a maximum declination in
7 days of post-traumatic period. Additional haemor-
rhage exacerbated the revealed declinations: the con-
tent of total bile acids and cholesterol in bile and the
amount of direct bilirubin and degree of its conjuga-
tion in 1 day of post-traumatic period was significantly
lower during the whole follow-up period.
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